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Extreme high-energy peaked BL Lac objects (EHBLs) are a new emerging class of blazars.
The typical two-hump structured spectral energy distribution (SED) is shifted to higher
energies with respect to other more established classes of blazars. Multi-wavelength ob-
servations allow us to constrain their synchrotron peak in the medium and hard X-ray
bands. Their gamma-ray emission dominates above the GeV gamma-ray band, and in
some objects it extends up to several TeV (e.g. 1ES 0229+200). Their hard TeV spec-
trum is also interesting for the implications on the extragalactic background light indirect
measurements, the intergalactic magnetic field estimate, and the possible origin of ex-
tragalactic high-energy neutrinos. Up to now, only a few objects have been studied in
the TeV gamma-ray range. In this contribution, we will present the new detection of the
EHBL object PGC 2402248, recently discovered in TeV gamma rays with the MAGIC
telescopes. The analysis results of a set of multi-wavelength simultaneous observations up
to the VHE gamma-ray band provide the broad-band SED of the blazar, which will be
used to probe different emission models. Given the extreme characteristics of this blazar,
constraints on the physical parameters within the framework of leptonic and hadronic
models are derived.
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1. Introduction
In the blazar family, BL Lac objects are divided into different categories depending on the
maximum peak energy of the synchrotron photons they are able to accelerate in their rela-
tivistic jets. The extremely high-energy peaked BL Lac objects [EHBLs, 6] are blazars able
to produce the highest photon energies, and are generally characterized by a synchrotron
peak located above 0.3 keV (' 1017 Hz). Within the EHBL class, the source 1ES 0229+200
is considered the archetypal object [1, 7, 13]. Thanks to multi-wavelength (MWL) cam-
paigns performed during the last years, its spectral energy distribution (SED) has been
characterized in great detail and shows some of the most important spectral properties of
such objects. While the synchrotron peak has been constrained by X-ray observations at
about 10 keV [8], the high-energy hump increases up to about 10 TeV and its peak has not
been measured yet.
The search for the observation of the high-energy hump, peaking in the TeV gamma-ray
band, is particularly suitable for the observations with Imaging Air Cherenkov Telescopes
(IACTs), like the MAGIC telescopes. The characterization of the gamma-ray spectra of
EHBLs is crucial in order to unveil the extreme acceleration mechanism taking place within
their relativistic jets. However, up to now only few objects classified as EHBLs have been
detected in the TeV gamma-ray band. Additionally, within this sample of EHBLs, the
objects present significant spectral differences, which prompt further studies for a more
appropriate definition of the class [9]. For this reason, the detection and characterization
of new EHBLs in the TeV gamma-ray band - together with the properties extracted from
their broad-band SEDs - are fundamental in order to characterize the whole class and to
disclose their extreme spectral properties.
In this contribution, the MAGIC Collaboration introduces the first detection in TeV
gamma rays and the observational results of the source named PGC 2402248.
2. The EHBL PGC 2402248
The blazar PGC 2402248 was selected thanks to its favourable X-ray and high-energy (HE,
E>100 MeV) gamma-ray flux that made it a good target for coordinated observations in
the very-high-energy (VHE) gamma-ray band.
In the 2WHSP catalog [5], the source PGC 2402248 (also known as 2WHSP J073326.7+515354)
is reported as having a high synchrotron peak frequency exceeding νsyncpeak,2WHSP = 10
17.9 Hz,
suggesting an EHBL nature for this object.
Additionally, this source is associated in the Fermi-LAT 3FHL catalog [“Third Cat-
alog of Hard Fermi-LAT Sources”, 2] with the source 3FHL J0733.4+5152 and reports a
hard spectral index of ΓHE = 1.34±0.43, particularly favourable when extrapolated to TeV
gamma-ray energies suitable for Cherenkov telescopes.
3. The MAGIC telescopes
MAGIC [3] is a system of two IACTs able to collect images of the Cherenkov light produced
by the electromagnetic cascades initiated when gamma rays interact with the atmosphere.
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The telescopes site is located at 2200 m altitude at the Roque de los Muchachos observatory
(ORM) on the island of La Palma (Canaries).
Figure 1: TS skymap representing the detection of the source PGC 2402248 with the
MAGIC telescopes. The used test statistic is given by Eq. 17 in [10], applied on a smoothed
and modeled background estimation. Its null hypothesis distribution mostly resembles a
Gaussian function, but in general can have a somewhat different shape or width.
The MAGIC telescopes have a field of view of about 3.5 deg, and the angular resolution
reaches 0.1 deg. The mirror surface of each telescope has a diameter of 17 m. This large
efective area allows the MAGIC telescopes to lower the energy threshold to about 50 GeV
when observing at low zenith angles and in dark nights. Point-like sources, when assuming
Crab Nebula-like spectrum, can be detected with an integral sensitivity up to 0.66±0.03%
of the Crab Nebula flux in 50 hours of observation. More details about the instrument’s
performance and details are described in [4] and references therein.
4. Results and conclusions
The MAGIC telescopes observed the source PGC 2402248 obtaining about 23 hours of
good quality data. The observations were performed during 25 nights from January 23rd
to April 19th, 2018 (MJD 58141-58227), with zenith angle range between 23◦ and 40◦ under
dark sky conditions, and lead to the first detection of the source in the TeV gamma-ray
band. In Figure 1, we report the Test Statistics (TS) skymap that confirms the presence
of an excess in the direction of PGC 2402248.
During the MAGIC observational campaign, MWL coordinated observations have been
performed and simultaneous data have been obtained with several facilities such as the Neil
Gehrels Swift satellite, the Kungliga Vetenskapsakademien Academy (KVA) telescope, and
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the Fermi-LAT instrument. The collection of such MWL data allowed us to build a si-
multaneous broad-band SED of the source. A new estimation of the synchrotron peak
frequency of PGC 2402248 is reported in this work as νsyncpeak ' 1017.8±0.3 Hz, being com-
patible with the estimation reported in the 2WHSP catalog of νsyncpeak,2WHSP = 10
17.9 Hz and
confirming the classification of PGC 2402248 as an EHBL.
Several theoretical models have been applied to the SED in order to test different
acceleration mechanisms within the blazar jet, discussing the possible leptonic and hadronic
origin of the processes taking place in the emission region. The standard Synchrotron-Self-
Compton model [e.g. 11, 12] reports extreme parameter values such as a low magnetic field,
a large Doppler factor, and a high minimum energy of the electrons. Such tension in the
parameter space can be partially recovered by using more complex theoretical models in
which a two-zone structure or hadronic contributions to the emission process are considered.
More details on the results will be published soon in a dedicate paper by the MAGIC
Collaboration.
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